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Figure 3 Boscia albtlrUnca scion on main trunk of Combrelum 
imberbe. Growth form of Boscia alhitruncQ the result of successive 
browsing by different animal species to end up with high level 
browsing by giraffe. 
fi ssures characteristic of mopane bark, resulting in the retain-
ment of B. a/bitmnca seeds and their subsequent germination 
and establishment. It is unknown why scion seedling roots did 
not develop a root system which makes contact with the ground, 
as is the case with some of the epiphytic Ficlls species. From our 
ini tial observations it seems as if establishment of the grafts 
occurs randomly . Scions of B. albitl'unca were found at different 
heights on the main trunk (Figure 2) and lateral branches of C. 
mopalle stock (Figures I A and I B). Besides other future studies, 
an anatomical study of the tissue fus ion region between scion 
and stock will be undertaken to confinn our observations. Obvi-
ous differences in the amount of strengthening tissue (Figure 1 B) 
formed in the region between the main trunk and the graft were 
observed, compared to the natural condition of the region from 
the graft towards the tip of the side branch. 
Some speculations about the physiological interactions 
between the C. mopane and B. albitrunca heterograft can be 
made. Colophojperl11ul11 mopane, for example, is deciduous and 
B. albitrunca evergreen. During the leafless period (July- Octo-
ber) of the mopane 's phenological cycle, photosynthetic prod, 
ucts from the B. albilrunca scion might be of benefit to the root 
system of the C. mopane stock, compared with ungrafted dor-
mant C mopane trees . On the other hand, such a graft results in 
continued water loss, even during dry periods. When the C. 
mopane stock is covered with leaves during the growing season, 
the B. albitrunca scion cou ld additionally benefit from the sizea-
ble leaf area of the graft in terms of the availabi lity ofphotosyn, 
thetic products. Smit (1994) calculated that a 1,5 m high C. 
mopane tree, has a mean leaf volume of 491 ,6 cm). 
An advantage to the B. albitrunca scion could be the avai labil-
ity of the dense but shallow (primarily concentrated in the first 
400 mm layer of soil) root system ofC. mopane, with an average 
biomass exceeding 17 tDWh'] (Smit 1994). This root layer 
ensures efficient uptake of water from the soil, even from small 
rainfall events. Deeply penetrating larger roots (exceeding 
depths of 8 m at Hobatere Game Lodge) ensure the uptake of 
water from the underground water table during annual dry spells 
and periods of drought. The ability of the root system of C. 
mopane to extract water from the soil at a water potential below 
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that ava ilable to grass species is we ll known (Sm it J 994) 
Besides physiological advantages, alleviat ion from browsing 
pressure might be of advantage to the B. nlbilrunca scion, as it is 
one of the tree species that is heavily browsed by game through-
out the year. An increase in bowl height of B. albilnmCQ due to 
grafting onto host species may thus be an added advantage for 
the successful survival of the tree. It will be interesting to know 
whether the individual members of the heterografts described 
above show any changes ill the chemical composition of the dif-
ferent parts of the tree, compared to ungrafted plants. These 
observations create the possibility for a number of ecological, 
anatomical and silvicultura! studies. 
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Ethanolic extracts from 12 lichen species collected in southern 
Africa were screened for prostaglandin-synthesis inhibitors using 
the cyclooxygenase bioassay. Highest inhibito ry activity was 
obtained with extracts of Pseudocyphellaria aurala and species of 
Parmelia. 
Keywords: Bioactivity, cyclooxygenase, prostaglandin-synthesis 
inhibitors, lichens. 
-To whom correspondence should be addressed. 
South Africa has a rich flo ra oflichens that are wide ly distributed 
throughout the country. Lichens produce many unusual second-
ary products which are not found in higher plants (Culberson & 
Kristinsson 1970). Lichens have been used in folk medicine for 
thousands of years in areas as far apart as Europe, Egypt, North 
America, China and Malaysia. Iceland moss, Cetraria islandica, 
is still included in many pharmacopoeias. Iceland moss is gener-
ally used for pulmonary tuberculosis and antibiotic activity has 
been demonstrated for this lichen as well as a number of other 
species (Vartia 1973). 
We have previously screened Zulu medicinal plants (Jager et 
al. 1996; McGaw el al. 1997) and South African seaweeds (Stirk 
et al. 1996) for inh ibitors of prostaglandin-synthes is. In the 
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Table 1 Inhibition of prostaglandin-synthesis by 
ethanolic extracts of lichens 
Species Voucher Speci - Locution Inhibition 
lllt!nNo. (%) 
Heleroderma speciosa BRY-C34418 Umtata 77 
(Wlllt) Trevi s 
Pormelia aufrosinellsi. .. BRY-C344 1 7 Pictennaritzburg 74 
Zahlbr. 
P. autrosinensis Zahlbr. BRY-C34424 Cape Town 93 
P relieutow Tay\. BRY-C34426 Poin t of Good 83 
Hope 
P. sorediam- Ny!. BRY-C34419 Umtata 70 
Parmelia sp. BRY-C34423 Bulawayo, Zim- 93 
babwe 
Parmelia sp. BRY-C34425 Cape Town 84 
Pseudocyphellaria BRY-C34427 Cape Town 96 
aurata (Ach.) Vain. 
Ramalma celaslri BRY-C34428 Umtala 87 
(Spreng.) Krog. & 
Swinsc. 
Usnea undufaw Stil10n BRY-C34421 Pietcnnaritzbu rg 37 
U ulldulara SUrtan BRY-C34420 Point of Good 13 
Hope 
U. undula/a Stirton BRY-C34422 Cape Town 73 
Indomethacin (0.5 /lg) 56 
fifty I-lg lichen extract residue was added in the assay. BRY: Brigham 
Young Universi ty Herbarium. 
present paper we have sc reened lichens for prostaglandin-synthe-
sis inhibitors. 
Prostaglandins are involved in pain and inflammation in ani-
mal cell s. T hey are derived from arachidonic acid released from 
the cell membrane. Arachidonic acid is converted to prostagland-
ins by the enzyme cyclooxygenase. If thi s enzyme can be inhib-
ited, less prostaglandin w ill be produced and hence less pain and 
inflammation will occur. New compounds from lichens that can 
inhibit cyclooxygenase might have the potential to yield new 
pharmaceuticals. 
Lichens were collected from different locations in South 
Africa and Zimbabwe (Table I) . The tichen material was dried , 
ground and then extracted with ethanol in a sonication bath for 
30 minutes. The extracts were filtered through Whatman No. I 
filter paper, taken to dryness and resuspended in ethanol to give 
standardized extracts of 20 mg residue/mt 
The extracts were tested for prostaglandin-synthes is inhibitors 
using the cyclooxygenase bioassay (Jager e/ al. 1996). Ten 
microlitres (0.3 ~lg protein) of sheep seminal vesicle microsomes 
and 50 1 .. 1.1 of co-factor solution (reduced glutath ione and adrena-
lin) were pre-incubated for 15 minutes on ice. The lichen extract 
(2.5 ~I), 17.5 ~I water and 20 ~I [14C]arachidonic acid were 
added to the enzyme mixtu re and immediately incubated at 37°C 
for 10 minutes. The reaction was terminated with 10 III 2 N He!. 
Unlabelled prostaglandin carrier solution was added and prostag-
landins were separated from unmetabolized arachidonic acid by 
column chromatography on silica columns. The radioactivity of 
the prostaglandin-fraction was counted and percent inhibition 
calculated. All experiments were performed in duplicate. 
The results of the screen ing for cyclooxygenase inhibitors are 
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given in Table 1. Helerodel'll1a speciosa, species of Parmelia, 
Pseudocyphellaria aurara and Ramolintl celastri showed high 
activ ity in the bioassay, whereas Usnea lIndulala did not show 
significant activity . There is, however, a high degree of variance 
in the inhibitory activity of extracts of U. undulata from different 
geographicai iocations. It has previously been established that U 
undlilala can be divided into a number of chemical races, con-
taining different aromatic acids (Asahina 1967; Swinscow & 
Krog 1975; El ix & Engkaninan 1975). Different chemotypes of 
U undulara could explain the observed variance in inhibitory 
activity. 
A certain level of unspecific inhibition occurs when plant 
ext racts are tested in the bioassay. In order to se lec( lichens for 
further studies we have set an exclusion criteria for activity 
above 75% inhibition. This is an arbitrary value which may be 
too high or too low, but aids as a work ing criteria for the se lec-
tion of extract for further invest igation . In the present system an 
active compound constituting 1 % of the extract will have higher 
activity that the standard, indomethacin, based on weight. As the 
concentration of active compounds is unknown in the extract an 
active compound might well be present in much lower concen-
trations and thus have a very high level of activity. 
When comparing the activity of the lichen extracts with the 
activity of extracts made from seaweeds (Sti rk el al. 1996) or 
Zulu medicinal plants (Jager el al. 1996; McGaw el al. 1997) it is 
seen that the lichen extracts with highest activities have activi ty 
comparable to the best extracts in the two latter groups. 
The cycJooxygenase enzyme exists in two isoforms, COX- I 
which is constitutive and COX-2 which is transcriptionally 
induced by inflammatory stimuli (Johnson et 01. 1995; Her-
schman t 996; Vane & Botting 1996). Nearly all of the non-ster-
oidat anti-inflammatory drugs (NSAID) presently on the market, 
such as aspirin , ibuprofen and indomethacin, are COX-I inhibi-
tors. COX-l is at present thought to be associated with the 
side-effects of NSAIDs, whereas specific inhibition of COX-2 
seems to be without s ide-effects. In the future. the lichen ext racts 
exhibiting high cyclooxygenase activity should be tested in an 
assay-system specific for COX-2 inhibition. 
Very few anti-inflammatory compounds have been isolated 
from lichens. Shibuya el al. (1983) showed that the lichen dep-
sides 4-0-methylcryptochlorophaeic acid and rnerochlorophaeic 
acid are powerful inhibitors of prostaglandin biosynthesis, being 
ten times more potent than indomethacin. Recently, a lichen 
metabolite, loharic acid, isolated from Stereocaulon alpinum, 
was shown to have inhibitory effect on 5-lipoxygenase. another 
enzyme in the arachidonate metabolism, as well as a weak inhib-
itory activity on cyclooxygenase (Ingo lfsdottir el al. 1996). 
Hopefully the detection of biological activity in this study will 
lead to a more in depth investigation of South African lichens for 
pharmacologically active compounds. At present, prostaglan-
din-synthesis inhibitors are being isolated by bioassay-guided 
fractionation from Pselfdocyphellaria aurala. 
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